SUMMARY The prevalence and pathogenesis of hyperglycaemia were investigated in a consecutive series of 27 black infants admitted to hospital with gastroenteritis over a period of three months. Hyperglycaemia (plasma glucose concentration greater than 10 mmol/l) occurred in 15 (55%) of these patients. The pathogenesis was not clear but possible contributory factors included raised concentrations of the stress hormones pancreatic glucagon, growth hormone, and cortisol; hypokalaemia; and peripheral insulin resistance. Intravenous rehydration, without insulin, corrected the plasma glucose concentrations and restored the hormonal profile towards normal within 36 to 48 hours.
The association of hyperglycaemia with infantile gastroenteritis and dehydration is well recognised.' 2 There is, however, little or no information on its prevalence or pathogenesis. In this study we have assessed the prevalence of hyperglycaemia in black South African children admitted to hospital with gastroenteritis and have investigated the changes in a number of blood electrolytes, substrates, and glucoregulatory hormones.
Patients and methods
Selection of patients. All the patients investigated were black and were admitted to the paediatric wards of Baragwanath Hospital. Those with gastroenteritis were admitted during the summer months, from February to April 1980. They were selected consecutively between 9 am and 3 pm daily except at weekends. All were dehydrated and needed intravenous rehydration treatment. Their ages ranged from 6 months to 2 years with a mean of 8-6 months. Twenty seven patients were studied and they fell into two groups:
(a) Fifteen who were found to be hyperglycaemic (random plasma glucose concentrations exceeding 10 mmolI1) on admission to hospital.
(b) Twelve who were normoglycaemic on admission to hospital.
Nine patients in group (a) and nine in group (b) were below the third centile on the Boston weight chart and were regarded as undernourished. Eight of the 18, four children in each group, were either frankly marasmic or suffering from kwashiorkor. Table 1 . The mean blood glucose concentration in the hyperglycaemic group was six times the value in the normal group (P<0-0005). Plasma osmolarity was greatest in the hyperglycaemic patients. There was a significant metabolic acidosis in both gastroenteritis groups, being slightly greater in the hyperglycaemic groups (P<0-1). All but three infants with hyperglycaemia presented with hypokalaemia (potassium concentration<3-5 mmolI1); this differed from the normoglycaemic group whose serum potassium values were in the normal range (P<0 05).
The initial hormonal and free fatty acid concentrations are recorded in Table 2 . The insulin values in both groups of patients with gastroenteritis were raised compared with both normal controls (P<0.005) and the pneumonia group (P<0-05). Mean C-peptide concentrations reflected the corres- (2) 4-7 (0-5) 140 (1) Plasma insulin concentrations dropped steeply within 24 hours of treatment but remained slightly raised. Counter regulatory hormone values fell sharply within the first 24 hours. Levels of these hormones were all within normal limits on recovery. Plasma free fatty acid concentrations declined at a slower rate during treatment, and on recovery were still slightly high.
In the first 24 hours of treatment the blood urea concentrations declined from their initial value of mean (SEM) 15-1 (3) mmolI to 6-6 (1-7) mmol/l (P<O-005), while potassium values rose from mean (SEM) 3-1 (0.3) to 4-1 (0.3) mmolUl (P<0.05).
Discussion
In this study hyperglycaemia was common in black infants with gastroenteritis, dehydration, and acidosis. It developed regardless of serum sodium concentrations, which is contrary to some previous reports in which its association with hypernatraemia and hyperosmolar states has been stressed.' 5 With regard to the pathogenesis of the hyperglycaemia, a diagnosis of moderately severe nonketotic diabetes was initially considered but its frequent occurrence, response to rehydration without insulin treatment, and good prognosis made this possibility very unlikely. Dehydration and haemoconcentration do not seem to play a major role in causing the high blood glucose concentrations, since patients with similar degrees of dehydration had normal blood glucose values. Nor could we incriminate the feeding of glucose water and insufficiently diluted milk powders.6 Most of the infants had vomited their feeds, and black tea or water were the main fluids administered before admission to hospital. Finally, on the negative side, the role of associated undernutrition was assessed but it did not emerge as a pertinent factor since the mean blood glucose concentration of undernourished infants was similar to that of the well nourished children.
The hyperglycaemia in our patients may have been due to a number of interrelated factors. Hypovolaemia and stress may be important. This could be mediated via the stress hormones glucagon, cortisol, and human growth hormone acting synergistically to raise blood glucose concentrations.7 Impaired utilisation of glucose by peripheral tissues is also possible since both potassium depletion8 and hypernatraemia9 may cause such impairment.
Finally, some degree of insulin resistance, as discussed later, may have contributed to the hyperglycaemia. These are tentative suggestions, however, and the precise mechanism of the hyperglycaemia remains uncertain.
Insulin concentrations were raised in the hyperglycaemic group, although probably not to the extent that might be expected for the degree in hyperglycaemia. The reasons for this increase remain obscure but some possibilities include the hyperglycaemia itself, raised free fatty acid concentrations,'0 and acute uraemia.11 Impaired hepatic uptake or degradation is an unlikely reason since liver function tests were normal and concentrations of C-peptide, not metabolised by the liver, were also high. The evidence suggests, therefore, that the hyperinsulinaemia was due to increased secretion of the hormone. Low plasma concentrations of insulin before treatment were found in one previous report; however, only three patients were studied and the blood glucose concentrations were only slightly raised.'
Although the plasma insulin concentrations were raised in the hyperglycaemic patients, the action of insulin was impaired, as evidenced by the high blood glucose and free fatty acid values. Insulin resistance in these cases may have been due to circulating antagonists such as the raised counter regulatory or stress hormones, severe metabolic acidosis,12 or an insulin receptor or post-receptor abnormality. Viral infections have been reported to cause insulin resistance by decreasing insulin receptors.'3 In a microbiological study performed on children with gastroenteritis during a similar period of the year at this hospital, 15% of the cases were of viral aetiology. 14 Very high concentrations of free fatty acid were encountered in both our hyperglycaemic and normoglycaemic infants with gastroenteritis. Hypovolaemia and liberation of stress hormones could again be the cause of this. Yet ketonaemia was not common. This could be due to high insulin concentrations in the portal vein resulting in an adequately insulinised liver, thereby suppressing hepatic ketogenesis. 15
Fluid and electrolyte replacement is the only treatment necessary for correcting the hyperglycaemia and insulin is not indicated. 
gastroenteritis.
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